ABSTRACT. Current assay evaluates the internal quality of eggs of Hy-Line W-36 hens, according to storage time, temperature and packaging. Two equal experiments, starting one day apart, were conducted with 140 eggs each. The two experiments were divided into two phases, from 1 to 9 days and from 9 to 21 days, in a randomized block design. In the 1 st phase, the treatments were arranged in a factorial 2 x 3+1, packaging (with or without), time (3, 6 and 9 days), with control on the 1 st day. In the 2 nd phase, treatments were arranged in a factorial design 2 x 2 + 1, packaging (with or without), cooling (with or without), and control on the 9 th day. Egg weight, albumen, yolk and shell percentage, yolk index and Haugh unit were evaluated. The internal quality was reduced (p < 0.05) during storage and the internal quality of eggs kept at room temperature decreased (p < 0.05), whereas eggs stored under refrigeration showed the same quality (p > 0.05) on the 9 th and 21 st days.
Introduction
Eggs, naturally packaged in shells to maintain their quality and their nutritional rates, are highly nutritional food (Pelícia et al., 2007) . However, eggs are perishable food and their quality decreases as time passes, between laying and commercialization. Their condition may be worsened by different factors (Barbosa, Sakomura, Mendonça, Freitas, & Fernandes, 2010) even though conservation techniques that minimize loss of egg quality are extant (Freitas et al., 2011) .
Storage time certainly affects eggs' quality since it reduces quality due to its direct relationship with pH increase and to lowering of Haugh units, albumen height and egg weight. The above changes are due to gas exchanges and to the passage of water from the albumen to the yolk by osmosis (Carvalho et al., 2007; Leandro et al., 2005) .
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Temperature is one of the factors that most affects egg quality during storage. The best procedure is the conditioning of eggs in a refrigerator immediately after laying to warrant a healthier product during a longer time (Carvalho et al., 2003) . However, in Brazil, eggs are stored at room temperature in commercial outlets due to the lack of legislation on egg storage at lower temperatures till their purchase by the consumer (Xavier et al., 2008) .
Adequate packaging may be a strategy to increase egg shelf-life, protect the product and focus certain brands to the consumer (Scatolini-Silva et al., 2013) . When eggs are inadequately packaged, the albumen's biochemical reactions occur faster and eggs become liable to contamination and to a shorter shelf-life (Moura, Oliveira, Thiebaut, & Melo, 2008) .
Although several studies show that egg quality is affected by time, temperature and packaging during storage (Carvalho et al., 2007; Scatolini-Silva et al., 2013; Xavier et al., 2008) , they have not provided results on the internal quality by simulating the daily practice of Brazilian consumers who purchase eggs stored without any refrigeration and placed in fridges only after their acquisition.
Current assay assesses the internal quality of commercial eggs according to package, temperature and storage time by simulating the purchase of eggs by consumers, or rather, eggs are stored at room temperature in commercial outlets and later placed under refrigeration at home.
Material and methods
Breeding procedures for laying hens in current assay were approved by the Committee for Ethics in Research of the Faculdade de Zootecnia e Engenharia de Alimentos of the Universidade de São Paulo, São Paulo State, Brazil (no. 14.1.541.74.0).
Since the 280 eggs for current assay were the production of two consecutive days, two similar experiments were conducted with one-day difference in between. Each experiment comprised 140 eggs from 61-week-old commercial hens, lineage Hy-Line W-36 ® . Each experiment was divided into two phases. The first phase comprised 1 to day 9 in which all the eggs were conditioned to room temperature: 50% of the eggs were packaged with a chloride polyvinyl film whilst the other 50% did not receive any package. The second phase comprised 9 to day 21 in which 50% of the eggs of each treatment of the first phase were put under refrigeration and simulated what consumers do when they buy eggs on the market and store them under refrigeration or at room temperature at home.
Temperature and relative air humidity in the room and the fridge were measured daily with a digital hygrometer (CE Thermometer Hygrometer, GM8039). Mean room temperature was 28.1°C and mean relative humidity was 38.8%, whereas mean temperature and mean relative humidity in the fridge reached respectively 6.4ºC and 18.8%.
The experimental design in the two phases was formed by two randomized blocks, with each experiment taken as a unit. In the first phase, treatments were arranged in a 2 x 3 + 1 factorial design where the factors consisted of package (with or without), time (three, six and nine days) and control (eggs from day 1). In the second phase, treatments had a 2 x 2 + 1 factorial design, composed of the factors packaging (with or without), refrigeration (with or without) and control (eggs from day 9).
Ten eggs from each experimental condition on days 1, 3, 6, 9 and 21 were assessed for the variables egg weight, Haugh units, yolk index, albumen percentage, yolk percentage and shell percentage. Digital Egg Tester ® (model DET6000) was employed to calculate the weight of the egg and Haugh's unit. The yolk was then removed and placed on a plane and smooth surface to measure its diameter by a digital caliper (Caliper 0-150 mm) and its height by an analogic altimeter (Egg Quality Micrometer). Yolk index was evaluated by the ratio between height and diameter of the yolk. Albumen, yolk and shell were weighed by a 0.0001 g precision analytic scale and weights were given in percentage of egg weight (Carvalho et al., 2007) .
Data were verified for discrepant measurements and Cramer von Mises's normality test and BrownForsythe's variance homogeneity test were performed. Data were then submitted to analysis of variance and means were compared by tukey's test at 5% probability. Factors and control were compared by Dunnett's test (5%) and Statistical Analysis System (SAS, 2001) was employed.
Results
There was no significant interaction between factors on the variables under analysis in the two phases (Table 1 and 2) . Table 1 shows results of the first phase. PVCpackaged eggs evidenced a better yolk index when compared to that of eggs without any package, regardless of the other variables. Although storage time did not affect the weight of the egg, the other internal quality indexes gradually worsened over time. Control eggs (day 1) had better indexes of internal quality when compared to the other factors, excepting egg weight and albumen percentage, which did not differ from control.
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Internal egg quality worsened during the storage period in the two phases for non-refrigerated eggs. Degradation in quality is due to the loss of carbon dioxide and water during the storage period, with a reduction in the weight of eggs. Further, physical and chemical processes occur which degrade albumen structure and produce water linked to protein molecules, which passes from the albumen to the yolk through osmosis. The yolk becomes flattened, its quality worsens and the Haugh unit decreases (Santos et al., 2009) .
As a rule, eggs kept at refrigeration temperature were better when compared to eggs maintained at room temperature. In fact, high temperatures (over 25°C) increase the speed of physical and chemical reactions in the egg during storage and reduce its quality (Leandro et al., 2005; Xavier et al., 2008) . From the commercial point of view, the best strategy is that eggs go from the farm directly to the fridge, between 0 and 4ºC (Carvalho et al., 2003) . In current study, room temperature reached 28.1ºC and refrigeration temperature 6.5°C. Consequently, 21-day-old eggs stored under refrigeration had the same quality as 9-day-old eggs stored at room temperature. The above reveals the efficiency of storage of egg at a refrigeration temperature of 6.4°C, as in current research, at lower ones.
Since in Brazil eggs are not placed under refrigeration in commercial outlets, it is highly recommended that consumers immediately store eggs under refrigeration at their homes.
Conclusion
Egg quality depends in storage time. PVC packaging reduces losses and maintains the eggs' internal qualities when stored. However, refrigeration is more efficient than PVC packaging.
